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ABSTRACT

One hund.red sa:npIes of benthic algae were collected. from surface
xa.ters in eastern Montana suspected. of being lnfluenced. by d.r.yIand.

salinity. The class Baclllariophyceae (aiato.os) was the nost abundant,
and diverse 8roup, d.omlnattrg 62 percent of the samples and. representeC
by 297 distinct taxa in lB genera. Dlaton speci-es diverslty was lnversely
correlated with speclfic conductance and. the relationship was significant
to the 1 percent l-evel of probablli-ty. Several taxa with d.ocumenterl
brackish l'rater affinities were arong the nore coirr,lon d-iatons encountered..
The spectnrm of sa-linity va'tpss for the waters surveyed 33Z_UZ5!9 W/t tOS)
eclipse'i- the maximu,n and rni-nimurn tolerances for many of the d.laton
taxa d.escribed.. AlthoBh blue-green algae conprised. a relatively minor
r:ortion of tLre totaJ- fll-orar potentially toxic taxa were present, in 2J
of the 100 collections. A determi-nation of the immed.iate threat to
livestock froir consumption of r,-aters containing these algae an1 d.ocr:-rnenta-
t'j-on of r)os;sj-ble toxj-c algae blooirLs in stocklond-s a-crcss east,err
l'lontana could not be accomplished. given the methocs employed in thi s suryey.
Proposals are rnade for ed.ucating ranchers on the potential toxic algae
problem and for establishing a biological salinity impact monitoring
network.
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INTRODUCT10N

This report descrlbes the attached or benthic algae (phycoperi-

phyLon) found at 100 d-ifferent, sites on a'variety of surface waters ln

eastern liontana suspected of being influenced. by d.ryland salinity. liost

of the waters sampled. were sma11 first and- second-ord.er streams, however

they ranged. in size from tiny sprin€ seeps to the l{issouri River at

the Fred. .Robinson Srldge. An a.ssessrr,ent is nade of the susceptibility

of livest,ock and wild-Iife to potentially toxic blue-green algae en-

countered. in these waters. Diatom taxa useful as salinity i-nd.icators

are identified and. their respective salinity tolerances are describeC-.

Salinity j-n surface and gror.rnd..-aters is a r.reIl-knoirn and. long-

standing problem 1n eastern Montana. In recent years sallnity Ievels

in ce;ia'ia '^iaruers h:"ve bsen increasirg- (i, iil" It. is beli-eved- tl:-:t

a major contributor to this growing problen is the process cal1ed sal-lne

seep (4, g, zo).

Salinization of surface waters used- by livestock has been implica-

ted- in recent reports of cattle d-eaths nea:c stock pond,s in saline

seep areas (29). These waters, in add-ition to the high concentrat,ions

and a:rray of d-issolved mln6rals and. nutrients they are knomt to contain,

may harbor strains of bl-ue-green algae tha'u a:ce 1etha1 to livestock

and. uildlife foIlon'ing ;+ater tl-oons (/, 79, 22, 31), Srecies containing

suspec',-ed to:<ic sirains are }:nolrn to occur in a brcaC- b:.nd across the

rror',herr-i Lini'ued. St,ates anrf souihern Cana-d.a, a.nc1 niay be found- in',lart.=rs

havlng a total dissolved solids corient of up 'vo ZO,OCO nsft (25, 26),

The pri:;rary objective of this s'.:::r.ey Has origina.]'ly to d.e'Ler:rrine

'';hetner pote;r'uia11y toxie blue-green algae regular:Iy fot'ii r"ater bloo:';is

irt rese::voirs frequenteC by livestock and-, if they d.o, '*hat factors



contrlbui,e to such blooms, I'heir occu-r:rerrce 1n waters affected. by

i1:rigation or drylancl saJ-inlty rnay present an add.itional and unsus-

pected. operating hazard- to eastern l,lontana livestock prod-ucers.

Sna11 strearns in easte::n l{ontana are often internlttent and. cannot be

relied. on as a source of stock water the year round-. Impound.ed. in

reservoirs, water is available for all of the ice-free seasono liost

potentia-ll-y toxic species of blue-green algae ale planktonic anC real-'ize

their fuJ.l lethality onJ.y following a bloon in the open, stand-ing water

of lakes and. reservoirs (7). It was therefo::e proposed. inltially that

at least 50 of the 100 algae saiapl-es be taken from the pIankton of stock-

waterirg reservoirs (3). Unfortunately, d-ue to ti:ne and. access l-irnita-

tions, only a handfuJ- of sanples (eight) were collected from such

ir:-ters; =-i1 
.t--Te +uz\ien f:,:cn t,he perllh;-t.cn anP-i none',;ere ta}:en f,r:c:,-l

the plankton. Consequently, the results fron this phase of the su-rvey

are inconclusive.

However, another usefuJ- purpose has been served- by conpletion of

this su:r.ey. A1gae, particularly diatorTis, are useful as monitors

of water quality. Because they d.irectly utilize d-i-ssolved- minerals

and- nutrients in their metabolic proeeses, they are ord-ers of nagni-

tud.e more sensitive to changes in the a:ribient concentrati-ons of these

elements tha:r either inver'r,ebrates or fish. They reprod,rrce muclt

faster thair j-nvericbrai<:s or fish, hence tneir r€ispot-Ise is more j.i.ne-

d.iate' They are a1so less mobrle and less abl-e to evad-e the coiisr:-

quences cf pollution, As biologicaJ- or:ga"nisias they in''"egra-Le the effec-Ls

of all -uhe various physical and chemical factors to xlriclr they are

er-poseC" Tire envtio:'r::entirl reluirsrerrbs arC pollution 'LoJerance of

nany f-resh-,;:rter diatoi:rs have been clocu-rnen'r,ea (tZ). The absence, or

xhen preserrt, the rel-ative aburrCance, of cer-Lain speci.es and. varietj-es

-2-



. ni:r)' 1:r,-1i.c;Lte speclfic water qua-llty condltions,

'I'itc waiers sa.npleC in thls su.rvey vary in salinltyl fron leve1s

tyl.lca.] of fresh water to anrL exceed_ing those of sea Ha.Ler. Given

suslt i] bro:d. range in total ionle 1oad., the correlation of d-issolve1

solids iLnd. electrical cond.uctivitles of these waters with the relative
aLbunda.nccs of their moa'e cojnmon d.iatom taxa will make it possible to
idcrrLify certain species and varieties tha-L nay ser*re as salinity
j'rrdicatcrs. Such taxa nay be used. in lieu of or in concert with physico-

chemical analyses as markers of salinlzation in surface waters of
eastern licntana.

One i-ncidental

It wilt cnhernce oi:r

i'-,.':' l;.l 1_l_ r_.1!.r.3S-3n-,1 a.

flora now in inltial

benefit will accrue fron completion of this survey.

kncwledge of the distribution of d.iatoms in Jiontana

sigi:'i :-;-c::;.-; con'L:i br-Lic:i -L:, a" s-Lz-.Lu;i-j Ce d-il_.,o:r

stages of preparation.

}IETHODS

Q1e hundred- sarnples of benthic (a,utached.) algae were colrectg1
fron 1C0 rlifferen'r, sites in eastern }iontana by personnel of the liater
Quality Bureau (lfonta.na Departnent of Health ancl Ehvironmental Sciences),

the l'lotrtarr& Bureau of }lines a::d- Geology, and. by this r+-riter. Dar,es

anc locari-ions of algae sa-nples are list,ec i4 Apoend.ix A. colIect.ors
;.er'J i:r; i..r.uc-i.t:,.i. to sa:npl_e nracros.iopic a)-gaa in propo::,ulcl tc tlrel::
a.Liu11:i11,-;.1 : c..i:. e given sit.e zrnd. t.o sclai,e inic::oscopic algae f::on rr:i.,;-r-a.l-

si;i.; ,lr :-1,-,:. louglily .in pro;,o,r,Lion to tr-,e inportance of each suts,r,r,_Le

( t'o:1r3, nLid-, etc. ) u,t each s'ite, thus givilng a repl-es.3ntative co:ipo;-;it.:

I;-111i'll ''' (1.). Substrat,es i.rere s'Jl:aped- i.iith a carefull,r' clea:ied- scalpel o-c

I -..I ItC : r',.r- ! rrj ty
al_l tir,-- i-oni-c

of a:n it'rlarrC
constiuien Ls

v:z.irc: r:ay be regard-etl as the co::centr:at,ion of
prese:rt , a cccrdirrg to Hutciij-ns;on ( 13 ) .
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pocket knifec SttP■ es wCre■ al,el]_ed,presoⅣ ed with Llt01's(BI)

solutiOn and shippcd tO Ho■ ena fOr nicroscopi91 ana■ ysis.  In mOst

cases a water samp■ e was cO■lected orl the sane date as the a■ gae sanl― l■ e。

Water samp■ es were ana■ yzed for disso■ ved so■ ids and e■ ectrica■  coll―

ductivity at the DepnTtnent of Hea■ th laboratory in He■ona.  In sone

cases, fie■d conductiv■ ty neasllrenents accompan■ ed tho a■gae sanp■ e.

Algae samp■ es were analyzea nicroscopica■ ■y as fo■■ows.  Phcro―

scopic filanentous a■ gae were o■ aced On a g■ ass s■ ide rough■ y in pro―

portion to the■r abundance ■n the samp■ e.  The salTlp■ e ■ras then agitated

and an a■ icuot of suspendea n■ croscopic a■ gae l・ras pipettet1 0nto the

sane s■ ide.  A cOvers■ ip was added and this "wet nount" was scanned

under ■ow nagnification (100X)to estiI「 late the re■ative inportance of

alga■ taxa in the sanp■ e。  (A magnification of 与00X was usea for critica■

identificatioll of taxa。 ) Whellever possib■e the more connon ta)E were

assignea an Order of ranke  At this stage diatoms were cons■ dcre■ as

a grOup and a■ ■ other a■gae were identified and ranked at the ■eve■

of genus.

The rcma■ nder of the samp■ e l.‐as then "c■eaned" in a n■ xtllre of

concentratea su■fllr.c ac■d ana pё tass■un dichromateo  This process

effectively ox■ di7jes a■ ■ the or6-an■ c contents of the orna■ ented s■■ica

diatol■ fr｀ustu■ es, which is rlecessary for accurat.e i_dent,ificat.lon ani

erujierat′ ionっ   FO]_■ Olfing rcpeatea decantation and dillitioll with Cisti_1101

'raterF iし
10 C■ f)anここ sallp■ c liac thO:LCビ ご}11, 11■ x=:]_ allょ  a fe、 f drcr'S l i1 0tterl

onto a co・ `.OrS:Lip.  Then al]_ ricisture on the covors■ ip had e、 ‐aPOIat9■
,

a pcェェancllt IPount ,「as prcParci by invertin■・ the coTersl_lp oll a htatcd

gl_acs 3■ ,de containirg tiro drol)3 of a high refractive illdex mOuヒ ltう ng

nediu■ .  The s■ iae was label■ cd and then stc)rea to a′ wait detailed diaton

ana■ ysis.

V

_と _
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The pcrf:,Itent di〔 tton slidc lfas scannod, first under low ary

(loOX)and then under oil in■lersiOn (1,000X), and a list was prepared

of thbse taxa that cou■ a be found ■・Vithin a rcasonab■ e lo・ngth of tilne,

usua■■y 30 m■nutese  Diatol■ s ilere ■dentifiea to spOc■es, and to var■ ety

and foIIn whero apprOpriate and poこ sib■ e using avai■ ab■ e keys (10, 23, 2年 ).

Once a diatOn f■ ora was prepared fOr the s■ te, the s■ ido ■ltas exan■ ned

under Oi■ innorsion beg■ ■ni_ng at one edge of the covers■ip unti■ at

■east 100 frustu■ es were identified and enuneratedo  Work by Mclntire

and OvёrtOn (18)indicated that 100 is abOut the salll■ ■est sanp■ e size

that orle can use and sti■ ■ yie■ d divers■ ty and re■ative abundance va■ues

reasonably represcntative of the diaton assoc■ ation as a whO■ e.  Per―

cent re■ ative abundance va■ues were ca■ cu■ated fOr each taxOn ana

tiro divcifcity i:id el13も 、fer〔: ⊂31c,■■■tOi fOr e■ ch s〔rip■ e:

}iar6-a■ef.s index (8)

⌒
S_1

D=
■n N

and Si-npsonrs ind.e* (ZA)

S
SD = 1 _  Σ

i=1

２ヽ

１

′

ノ

Ｌ
・
一Ｎ

／

１

ヽ

where S is the nunber of spec■ es, N is the tOta■  nlLnber Of indiv■ dua■s

in the samp■ e, and ni is the nunber Of ind_iviauals in the i― th spocie_..

FercOnt re]_ative abu_rlaarice alla freq.lellcy or occulrerice licrc calci■ ate■

for each taxOn over al■  100 3〔コlPles.  Th_・ se tIヾ o stati.3tics were thcri

rlu■ tip■ iea giving an abundance― occurrence indox, whicll j_s direct■ y

rc■ated to the chances of finding that particular taxon a′ t any ont

Or the 100 sites (1).

At th03e Sitcs wherc water sarlp■ es were tal[o rl, species re■ ative

abundance and divc‐ rsity statistics werc co_rre■ atea ■rith specific

-5-
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cond.uci,allce (SC) values. Sallnity optl'lei arid. ranges of the ncre con::roir

taxa were e:pressed. in terrns of total d-issolved. so1lds (tos). only

tirese rr,wo estirnators of lonic Ioad. xere selected. for conpar.ison be-

cause it is unlikely, over the ride ra:rge of salinlty encountered.,

that any other uater quality parameters wou1d be as effective at d.eter-

tnining species d-iversity or relat,ive abund.ance. Ternperat'.re and. nutrients,

considered. initial-ry (;) because they are knom to be significant

in promoting bloons of blue-green algae (t+1, were not used in this

analysis because (:-) tn" plankton cominunity was not sanpled, (li)

nc li:roim ',;ater bloons were sanp1ed., (iii) bl-ue-green algae xere only

a sma11 frac'cion of the entire f1ora, arra (iv) spot temperature

[Ieas'd]renenis cculC nc'r, have been used- with confid.ence t,ecause of tenp-

e,r':i-Lu''g's -l.errCer:cy t.c i^t:C-eri5t.i r:a.r'ke'i. iiuni:1 fluctuaiiorr.

RESULTS

NonrdiatOl■  A■gae

Non―diaton a■gae ■n s■x najor groups an■ 57 genera were encountereal

in the periphyton at the 100 1oca■ ities sampl ed.  A cOmp■ ete ■ist of

genera ■s ■n Appendix B.  Because the p■ ankton conmun■ ty was not sanp―

■ed, the great najority of these genera nre attached forns, hOwever

a few ■71c■ denta■  p■ankters Terc encounteredc

Tab■ e l gives the rank frenl■ Oncy of the rlost rrOilincnt nor― d iatoll

a■ gal generao  A, a grollp tho groen alぎ ae were tlle noEt hI)ortant

arlong the non―diato■3, ana CladophOra フras the I■ ost abulldartt non― diato■

genus.  FO■ 101ギing the greens, the b■ uc― grcells, chrirsop卜 =ytes, eug]_elloids,

rerl a■6ae, and cr)rt01lonaas I「 ere the other nOn― diato■ g]rollPs in des―

cellding ordcr of abtuaance,  BOsides 
晦 hora, 。ther significant

rAon_diat01■  gerlera )rere RhizOc]oniull alld spirOgyra a1long the green3,

-6_



Table 1. Rank frequency of d.iatoms and prominent non-diatom genera ln the
periphyLon of surface waters suspected to be lnfluenced. by sa11ne
seep 1n eastern liontana.

Rank
LZL!.5
6z zz LzDiatoms (Baclllariophyceae )

Chlorophyla
Chara
Ch].orococeun
Cladophora
Closterium
Enteroinorpha
Gloeocystis
Ho::rnid,iun
Ilougeotia
Oedogonium
Platymonas
Rhlzoclonium
Sphaerocystis
Spirogyra
St.J-5ecre1o:ii',r-n
IILothrix
Zygnema

.A CyanophyLa
*Anabaena
xAphanizomenon
*Lyngbya
*Nostoc
0scillatoria
Phormi d.ium
Rlvularia
Spim3.ina
Tolypothr ix

Chrysophl.ta
Chrysococcus
Tribonena
Vauche::ia

Et"rglenophyta
E,,rr.l eiia!_i5rL

Phod.ophyta
Audoriinefla

２
一

三Ｚ亜密
一１

１

１

０

　

１

１

１

　

　

　

　

　

　

１

１

１

　

　

　

　

　

　

　

１

１

１

２

４

２

　

１

１

１

１

１

１

　

４

■

　

　

　

　

　

　

　

１

２

型
１
　
　
１
３
２
　
３

立
１
２
　
　
７
４

１
１
１

ヱ
ー
　
ー
　
４

１

′「
二
′―
一

１

一
　

１

　

　

　

１

一
１

１

一
　

１

　

　

　

１

一
１

／
２

１

２

３

　

１

一
１

4tz
I

3          1
1

１

一
１

*Gerie:ra cont.aining species of blue-green algae suspected- of producing s',rains
that are 'Lo>:ic t,o lives tock or yrildlif e .
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a:ri 0sc1lla't,oria. arnd. Phor:,riCiun ainong the blue-greens.

The freshxater blue-green algae suspected- of prolucing strains

toxic to ui1d.life or lives''oc!: are listeC in Table 2. Six of the

gL?nera incluied. on this 1i3t (l^naba.ena, Aphaniz,onenon, Gonphosphaeria,

Lyngbyュ , NOdularia, and NOstoc)were encOunterea in 25 of the 100

samples (see Appenaix A).  F01lr Of these genera― …1辺喧l狙壬I望し, Aっ hanizo■enon,

llrrngbya, anl■  lTostoc――l.rere inportant enough to be ranke■  in Tab■ e l.

NOne was present in the nassive concentrations typica■  o■ ab■ oon,

howeve■,ver■fication of the presence or absence of a b■ oon cannot be

accomp■ished without sa■p■ing the p■ anllton conmullity Or without sone

recortl of the co■ ■ector's visua■  observations.  Neverthc■ ess, potelltia■■y

tox■ c b■uegreens apparerlt■ y compr■sed a re■ ative■ yn■nor portion of the

overa■■ a■ga■ f■ora ■ll tile lfa ters salnp■ こと。

Oi■y one suspectea tox■ c b■ue―green a■ ga――ADhan■ z.omenon f■ os― aOuac――

was identifiea conc■ usive■y to species.  生. f10S―aquac was found in

two of the eight standing waters samp■ ea (Appenaix A)。   It ranked

secona both tines a■ though the co■ on■es were fragFtentChd and appe,red to

be ■n a senescent conditione  Samp■ es at these ■ocations nay have been

taken short■ y after the peak of a water b■ oon when nany co■ on■ es of

this ordinar■ ■yp■ankton■ c spec■ es haa sunk to the botton。   Of the

SreC■ es thOught to proaじ te toI■ c strainS, しhere ■s less ev]dence to

il~F■ iCate■。 f■ O‐C― acl■ae tha■ arly of the others, ]t is not ■nc,1■1 1「 it,h

certainty IIhc‐thcr this tax3n can be tら lic (7).

The Diaion F10ra

Dj_atons rcI,]resenting 33 genera in 291 di_stinc・ し taxa l「 ere identifi〔;a

in the loo peliphヽ・tOn ccl]■ cctiOns.  liany aiditiOn■ ■ taxa l「 ere recc13-

rli[`Oi bat cOuld nOt be idclltifiOd using available kOys.  AbOut 60 per_

 ́                           -8-

V



Tab1e 2. Fbeshwater blue-green
a:re toxic to wililLife

Taxon

Anabaena
A. circlnalis
A. fl-os-aguae
A. lemnermannii
Anacysti-s (t{icrocystis )
A. aen:gi-nosa
A. CJfanea
Aphani-zonenon flos-aquae
Coelosphaerium
C. kutzingi-anurn
Gloeotrichia
G. echinulata
Gomphosphaeria
G. lacustris
Lyngbya
L. contorta
Nod.ularia
lf. spumigena
lrJsa?c f'-i_vu ! a.re

of prorlucln6 strains tha,r,algae suspected
or livestock.

ヘ
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cen€ of these taxa were the same as those reported. by Husted.t, fron

a number of saline lakes in frope (11, 7z)" As a group, diatoms ra,nked.

anong the first three most important algae in 95 of the 100 samples;

d.iatons ran]ied flrst 62 times, second.22 tirnes, and third- 12 times.

overall, it ras the most abundant and. diverse group of algae in the

waters that nere sampIed.. (see Table 1 and Appendix B for abund,ance

and. diversity of other algae groups.)

Percerrt relative abund.ance, percen'u frequericy of occ,-rr€)I13e, anC

the ab'.ind.ance-occur:lence inriex for each of the 2)L d:.a.'uon taxa are l_isteC

in Apocnd-l>: c. Relative abund-ance values a-re based on;,. ,cotar coiini

of 75,185 individual frustul.es (eells); frequency values are based.

on a tota-l- of 100 sa.r-;rp1es. agbl3&bl: IrryligqiEg had ,uhe highest

relat,ive at,unc,ance va-l tic, contributing slightly less tha,r, 10 percen''

(9"53 pe.rcclt,) of all the frustules cour:.ted-. Nitzschia palea ;-as the

-9-



nost frequently occu:ring dlatom, found ln 90 of the 100 sarnples, r'he

na:'*intu:t posslble abunCance-occLLtrrence val-ue wouId be 100 percent re-

lative abund.ance tlnes 100 percent frequency equals 10r000. !. pz,.Iea

ranked first in abund.ance-occurence (607.50) and A. nlnutissina ranked

second (40g,?9). rn al-I, only 18 taxa had. abundance-occurence values

greater than J0. ?hese taxa are given in Table ], They may be consld-ered,

the most.common taxa in naters subject to saline seep i-n eastern

llontana. f,kcept for those with a broad. ecological amplitude, they are

also the ones most alnenable for comparison with water quality para-

meters a.nd- the ones nost useful as ind.icators of surface water sali-ni-

zation.

Salinitr: and the Diatom Cor.urunit,y

li;,:cri'iLr ccitcuciance (SC) r,e:lsu.rene:t'cs, ei,.her iield or' labo-ra-,orJ.r

were available for 94 of the 100 waters sarnpled-. Toia-1 d-issolved.

solid.s (fUS) measurements were available for 5? of those same 94

waters. Because water use criteria for livestock, irrigation, and huma.n

cons,.rnption are rhore coliuronly expressed. in TDS rather than SC, it rias

d.esirable to convert SC to TDS in those instances where TDS values

rere not available ancl SC values were o Assuning a 11near rela'r,ionship

exists between the two para-neters a regression equation was calcula'ued.

using L\e 5? pair of neasureilen-i,s:

llDS : 0.85 SC + 1g

Tne r:ei:l:-,i ling SC 
":il-ues 

'";ere therr erite:re,f. in,fividually and. 'uhe ec)a-.r,:ion

sol..reC. fcr TDS.

)la:rgalei (D) alr,d Sinpso1 (SO) a:iversity ind.exes i,,ere cal-ct11,1ei

fo:: the 97 diat,o- asscciaiions that lrerc €n'tiirrerable (diato;ns in.thiee
eo11ec'"icr'1s were t.oc s-.arse to coun'r). va]ues for thesc indexes, a1ong

- 10-



Tableぅ .

Ran■

Percent relative abund.ance,
abund.ance- occur:rence lndex

Nitzschia pa■ ea

Achnanthes minutissima
Navic_ula cincta var. rostrata
Nitzschia frustulun
N. f. var. subsalina
Navicula tenelloldes
Surirella ovata
/.r,ohora coffeif orm i s

Diatona tenue var. elonqatr:m

Nitz,schia acicu.]-aris

Cycl o'ue11a neneghiniana

!ll.:, -:.j :;: fa..le.Lica

Navicula cryptocephala
N. c. var. veneta

Nitzschia d-issipata
Navicula secreta var. aDiculata
Cymbella minuta

Nitzschia communis

percent frequency (occurrence), and.

for the 18 nost corlnon Ciaton tax-:..

，

６２

ヌ

２９

郷

愧

“

勢

６２

夕

”

り

”

句

０

１

２

３

４

５

６

７

８

１

２

３

４

５

６

７

８

９

１

１

１

１

１

１

１

１

１

（

9。 53

5。 62

4。 23

4。 02

3.20

2。 16

3.79

2.82

2.15

2。 13

2.77

1.29

1。 49

1。 91

1.38

1.78

1.52

Ψ
90

43

66

69

Abundance―

Occuェェence
て高嘉I=荻瓦て00)

6o7050

409.79

370.92

291c87

217.08

198。 40

110.16

109。 91

107。 16

103。 20

97.93

9年 ,18

79。 98

77.48

74。 49

67・ 62

65。 86

65。 36

n-i-th neasured, SC values and measured. and- calculated. TDS values, are

listed in Appendix D.

Slarple corel-a'uion coeffieients (r) r+ere then coinputeC betxeen SC

e.nd. each of the ixo d.ivers.ity i-nde>:es for 1;he 9i si'ues having bc'uh

Ci-versit,;., and sal-i-ni'uy da'ua. The fcl1c,irir.ig correla'uion co.:fij.cj.i:ts

re::e obta-ined:

,DSC : -0.45t

,SISC : -0.q.58

Eoth of tircse values a-re significant t.o the 1 percent level of proba-

tilit'y, ind-icating there is a si6Snificant inverse relat.ionship beruween

-11-
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sallnity and d.iaton diversity in the naters samp1ed..

Silaple correlation coeff:-cients betr.reerr species relatlve abundaace

and SC values were also calcu-lated for the 18 most conrnon d.iatort tava

11sted. in Table l. None of the coefficlents obtained. (falte 4) proved.

to be significant, even to the 5 percent Ieve1 of probabllity. Two

factors night account for thisr (i) the relationship may nct be linear,

and-f or (ii) otfrer parameters may be raore imporLan'u in d,e-Lerinining

relative abund.ance over the range of salinity values for a given species"

To test the f dner hlpothesis, the percent relative abund-ance

values of two species were ploited as a function of SC. Figure 1

shows that within the salinity ranges of these two species, the rela-

tionship 1s rnore be11-shaped- than linear, wj-'th an optinun lfrng sone-

where between the two extremes. ConseQuently, a significalt linear

relationship cou1cl-be expect,ed. only on one or both sid,es of the

optimum. Over the entire salini.ty ranger doX positive and- nega'uive

coefficients on either sid-e of the optlmum cor:ld. be e>pected. to cancel

one another, thus at l-east partly explaining the lon r values in Table 4.

Maxirnuri, minimurl, and mean TDS values for 2J of the inore frequently

occurring taxa are also listed. in Table 4. Extrene TDS va-l-ues well

beyond. the normal range of a taxon and representeC- by onJ.y one ce11

were e1i:,iinated from consid-eration to d.iscourtrr, Er11r possibie chance

o3curre:rce . The r,::>:,j..n.r-:ir ?r'rd ruini:tu;: valnes 'uhereiore deiineate 'ufre

no::irai *salinj-i:r ra.ye,e for each taxo:: in the lralr..jrs tlra'c'.:ere sa:ipl e3-"

The nean TDS val-ua is in',,qrded.as ari estir,:ator of t,ire optiniin sal.irri.t;,'

leve1 fo: each tax..;i'i.

DISCUSS■ ON

Ss_1■1lFl a■■owaL■ e sa]_init,y■ ove■ s in water depena on lv‐ hat the water

-12-
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TablC 40  ::::l:li::[[:[01f2:D:。

Iill°:i]1:mSilllefI:Iril][l:ns:::::l~
)p in easteェ ニl HOntana.

Iiitzschia d,issipata. (Na)
Cymbella mlnut,a (Oni)
Navicr'] a cryptoeephala var. veneta

(rev)
Achnanthes minutissima (Am)
Iliatona tenue var. elongatun (Ote)
havicula crlptocephala. (Nc)
lI. secreta va-r. apiculata (Hsa)
S'arirella ovata (So)
Cyclotella meneghiniana (C-t")
Pleurosigrna d.elicatufum (pa)
N'avicula peregrina (Up")
S.yned.ra fanelica (Sfa-m)
Nitzschia fn:.stuIurn var. subsalina

(Hrs)
N. apiculata. (l;ap)
N. pa.fea (]fu,)
Ir. acicularis (liac)
Oetononeis pa"l udosa (E\=,)
.'i:..v1 cr'.lr: cirrcia v3.-)-. _:ros';t-.?La (ticr)
Nitzschia fr-ustutum (Nf)
Slnedra fascici:-lata (Sfas)
Navicula pygmaea (tlpy)
N. tenelloldes (lft)
N. salinaru_,n (]is)
Nitzschia conununis (ttco)
Lnphora coffeiforiiris (ac)

AIL SA].[P],ES

Taxon rEg

-0.020
0.039
0,735

0.165
-0" og3
o,774

-0. 151
-0. 107
-4.779

算

刃
“

13an    Rapge

922   436 _ 2596
1286   368 - 6■ lo
1598   ■36 - 7303

)7 t77L
)4 t?97
54 19ro
42 zj6o
4? zvz?
47 zBUz
24 3023
?3 3660
33 3799
50 4124

3$ - 6(tt+z
3@ -14394
332 - 72U,
3)z -t?669
)32 - 8094
368 -t6t6g
944 -72669
944 -t51t+9
596 -ltt59
478 -23819

埓
８２
朽
”
６．
の
２６
・９
夕
３．
如
ぁ

91

4305   368
456o   332
4980   596
5002   68年
5119   332
5325   332
5332   9多年
6年34  84与
6839   654
72■0   746
7530   866
11190  1311

5245   332

-42519
-42519
-42519
-23319
-2,2519

-42519
-42519
-23319
-42519
…212519
-42519
-42519

_42519

0.252
-0。 128

-0・ 137
0。 224

0.21与
-0。 022

0。 283

00147
0c224

is to be used. for. For human consunp*r,ion salinity should not exceed

500 ng/■ TDS (6).  FOr iェェigation it shOu■ d nOt exceed, J,OOO ngh

at ;r:rou::,L iJAO ryfiTDS (6), a■ thOugh detrinellta■  effects lnay■ 9gin

range of salinity values is rro,u as useful for i,his

a relat.ively narror,- tolerain_r;e" To illust:a-Le, ,rhe

sal-iriity l c..'els of the rua>:a 1ist.ed, irr Ta-irl-e ll a::e

a^- t)-

TDS (30). For st.ocl; h'a+.er for beef cait-ra it shorrd riorL c.--c:e:?c 10,000

::-g/r'"ttcs (6), althor.:Lgh r.;ater il s-rcess of r+,c3c n3.A- T,DS nav be un-

satisfactory (Zt).

The va'.1.r-:.e of a d.ia+-o:r-r as a water quality inrl,icator is p;:l,Laz-i1--r-

a ft::iction of i'us ecol-o;5i-ca1 a;iplitud.eo A ruz.*ro:-r fourr,i. o..:e:a a b--lr::d

one r;ithpttpose as

raean and- ext.rene

s',rperinposrca oyer
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ヘ

thc nax■ mum po■ 111■ ssib■ e leve■ s for the watcr uses discussed above

(Figure 2).  In naki【 t thiS ConpalrisOn, a nulnber of points becOl■ e cvi―

dellt.  First, three species are re■ atively va■ ue]_ess as indicators

bccause of their bFoad sa■ inity range, L・ hich natches the range of TDS

for a■■ 91 sanp■ es.  Second, none of the taxa can be used affin■ ative■ y

as an indicator of water suit.ab■ e for hunan consunptione  The nost

sa■in■ty into■ erant for■――Nitzschi■ ttSipata― ―■ndicates water that

is suitab■ e for ■ivestock and mOst irrigation app■ icationso  At the

other end of the sca■ e, Amphora coffe■ fO.1■■s ■S ■ndicative of water

that is unsu■ tab■e fOr drinking, most iェ ェigation, and probab■ y stock

water■ ng as we■ ■.  In between these two taxa are 23 0thers w■th varying

sa■in■ty ranges and means.

KO■be (16)devised a ha■ ObiOn spectrun lor c■ rcunscr■bing sa■ inity

preferences Of diatOn taxa.  A■ thOugh it was origina■ ■y intcndea t。

a_pp■ y On■y to ch■ orides, it is genera■ ■y understood to ref■ ect tota■

sa■t concentration in its present usage.  KO■ be's ha■ obion spectrun

is presentct in Tab■ e 5。

■OWe (17), Patrick ana Reiner (23, 24), ana others have sunmarized

the sa■ in■ty preferences Of a great nany diato■ l  taxa frOn a ■arge

nlLnber Of pllb■ ished reportso  Reported sa■ j_n■ ty preferences fOr the

25 taxa in Tab■ e 4 and Figu_re 2 are givcn in Tab■ e 6.  These decript―

ions are genera■ ■y in acrecltOllt ■rith sこ■inity reallgc3 an■ 1leans assoc_

ia ted ,ri_tll these taxa i_n oastcrll l101ltttlla c

The TOalth of pub]_ished i「 lfOrnatio21 on sa■ t prcfcrclices fOr

rost co■■0■ freShrこ しer d_iatons Offers an exce■ ■ent 01)portunity fOr

cev■ sing a [.■ o■ Ogica■  systcn IOr ratin3 sa■ ill■ty aifocts ■n suIIaco

}raters.  TO bOg■ rl with, the spcctra■  des]gnati_ons in Tab■ e 5 coula beヘ
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.    Table 5.  II[l:ユ
l:1 1:al:lltF17;lectrun nodified fron Xo■

bc― (16)a3

Freshr.iater (Otigonalobous) < 5oo ng/f fls
halophobous: does not tolerate small a,nounts of salt
lnd.ifferentr tolerates snraIl amounts of salt
halophilousr sti.rrulated. by srna11 amounts of salt

BraCk::lil]li:::I:i!l:::::じ

:|,1:`Fn:,I TDS O°

 ~ 30,000 ng/・  TDS

l'iarine (rrrnarotous )
trktra-mar':.ne (Potyf,alobous )

3o,ooo - 40,ooo ms/l- Tos

>lr.o,ooo mg/t rls
Euryhalinous (naryrralobous): occu-rs over a broad- rarge of salt con-

centrations, encompassirrg two or more large spectral d.esignations,

scaled as follows:

oligohalohous

beta-mesohalobous

1.0

2。 0

a-1pha.-mesohalotrous 3,0

euhalobous 4.0

polyhalobous 5.O

Next, a d-latorn sample is col-lectecl from a water in oues',,ion. The sample

is courr*.eil and percent relative abund-ance values are de'cermlned- for

all taxa. Then eaeh taxon is assigned. to one of the above spectral

d.esignations and weighted. accord.ing to.its relatlve abund.ance, nhich

is multiplied by the scaled. value of that designation. These products

are aCd.ed and then d,ivid.ed, by 100, which puts the final val.lie uithin

range of the scale described abcve, A rating of less thatt Z,O l'ouId

lnd.ica.te fresh (oligohalotous) r'iater with rDS less ihan J}o rgfl"
A ra-tirrg t'e-treen 2 and. J wotrld- ind.icate brackish (beta-riesohalcbous)

rater wlth TDS beruween J00 and. 10,000, ancl so on.

To fu-r:ther illr,'strate iio:+ t.his rating system nlghi; Hol-k, a-n

exan:pl-c is taI;en fro;rr the present survey. Sanple 0217A had six spercics

- to-



Tab]_e 6.  RepOrted sa■ inity
watcrs subject tO

TaxOn

llitzschia dissipata

■ ■2be■ la n■ 1luta
Navicu■a pryptocepha■ a vare

Achnanthes m■ nutissinla

preferei-Ices for connotr
sallne seep ln eastern

5a■inity

veneta

d.latom ta:.a. fron
Iiontana.

Preference

Diatona tenue varo e■ ongat■L7n

cryptocepha■ a

N. secreta var. apiculata
Surirella ovata
Cvclotelia neneghiniana
SlSglgElffe de1 i catulurn
Navi-cuIa peregrina

Sfned;a famelica
Nitzschla frus'uulum var. qubsalina
N. apiculata
L r,1, l6a

5. acicufariS
Entononeis palud-osa

Navi-cu1a cincta var. rostrata
Ii rr, z s c h ia. ?n: s tulu-n

Synedrg fascicula'La
}'avicul a p.r/gr:aea

{. tene-!l ^ides
N. sal-ina.r-am
Nii,zschia corr-rnunis
AmDhOra cOffe■ fOril■ s

lndifferent (tZ)
lndifferent (tZ), ollgofralobous (24)
lndifferent to nesohalobor" (U)
fresh to brackish water (e3)
lndifferenL (7?)
oligohalotous (23)
halophilous (12)
fresh to s)-ightly brackisf, (23)
lnd-ifferent (fZ)
fresh to slightly brackisn (Zl)
fresh water of high nineral con.Uent (23)
indifferent (17)
halophilous (12)
fresh to brackl sn (4)
meso haloUous (t?)
brackish (23)
high rnineral content
weakly sa] lne water
mesohalobous (tZ)
irrci iir.:',-.::-i ( lZ )
indifferent (tZ)
nesohalobous (fZ)
rtoderately high cOnductivilγ

)(1年

)
tota■  hardness= 376 ng/■  (2
ha■ Ophi■ Ous tO indifferent ana

euryna■ obOus (17)

::::pi::11::;Villι
k:ligi:〕 ; braCkiSh (23)

|:::1:::::l:そ :)'ackiSh (23)(17)
high cOnductivity (24)

３

ヽ

ノ

２

０

Navi cula

distributed as fO■■Ows:

L望 些 里 ュ墾

ま:器器釜cI]r.型
重墜L

I,2彙
Arlrhora coFfej_fO■ Tli s

Nav■ cu■a tenel■ Oides

The first fOur ■」_stea ta)[a nrc

■c scaled lrlth a va■ ue of 2。 0

consideI・cd a]_pha― mesOha10bOlls

|

43.9%x 2。 0 = 87。 8
10。 7  x 2.0 ‐ 21。4
5。 0
0.8

38.8
0。 8

100。 0

x230= 1030
x2.0= 1.6
X 3.0 =116.4
X3.0= 2。 4

239。 6

I cons-i-d.e.:e.L beta-nesohaiobcus and slroul_c

as inclicatecl. The 1as'L tiio taxa nay be

and should" be scaled- rit,h a value of 1.0.

-'l o_
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The su:n of products dtvlded by 100 glves a blologlcal salinl.ty ratL6

of 2,4 or sonrewhere about mldway betaeen J00 and 10,000 rog/f fOS. I'he

TDS value at this site, estlmateC from SC, lras 6394 rrgfl.

The value of a system such as this, however, 1s not its ability

to estimate TDS. Even assuning lt ls reasonably accurate at doing so,

j-t wouId. be much simpler to rneasure TDS d-irect1y. Its real value lies

in its numeri-ca-l- representation of the collective response of a signi-

ficant portion of the biological community to a given category of stress

applied. over a period- of time, After refinement and testing, such

a scallng systeln could be used. for monit,orirrg the biologlcal response

to surface water salinization in eastern Montana.

qqiqluqIi8is. A].rp .EECjlyE .. M0lT5

This survey has established- the pct,ential of algal- toricity to

livestock arrd- urildlife in one quarLer of the waters sa-mpled-. However,

for a varlety of reasons repeated- beIow, no statement, can be made

re4ard-fuig the iruned-ia'ce d:"nger to such aninals posed- by possibly toxic

algae consumed. in r.'aters subject to saline seep in ea3tern llontana:

1. Ilost of the samples were co].lecteC in the spring of the year, a

time I'rhen blue-green algae d-o not reach their fu11 gro'rrth potential.

lJat,er blooms, responsible for most cases of aIga1 toxicity, ord.i-rr-

aril.v Cevelop only in the planliion of sia.nd.in6 r;ate::s. Such r:atg-rs

(:resr:.-vci.rs) .r. also 'uhe ,-lcst depen.J.able ,^,aiei' sup;,lies for live-

stock ancl rril-dlife. St,a.nd-ing waters accounted_ for only B of tLre 100

col,Ir.rc'Lions and the plan-k,ton co::-iluni-ty ras not sanpled in any of 'uhese.

Taxc,loinic id-en'uif ic.tion aoes not conlirn the presence or abseirce

of a toxic algae prot,1 en, Drffei'ent strar.ins of 'uhe sa:ne species,

unclis'uinguishable und.er the nicroscope, can foz-in bloc,ns that are

deaily or nerely obroxious,

-2C-
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4。  AbOut 85 percent of the samples were co■■ected by ■ndividua■ s un―

falnili_ar with a■ gal growth forns and samp■ ing tcchniqueso  A■ thOuch

un■ ikel y, these individua■ s nay have over■ ookod concentrati01ls or

b■oons Or potentia■■y tox■ c a■gae.

Neverthe■ ess, the potential is sign■ ficant enough tO waェ ェant an

effort to educate ■ivestOck prOducers of the prob■ en.  Ranchers sho■ l■d

be warned tO refrain fron water■ ng thei_r ■ivestock with waters having

a green "pea sOup'l appearance, which may deve■ op fron ■ate sunmer int0

autlL7p_ne  Ranchers, cOunty extens■ On agents, and Other ■oca■ agr■ cu■tllTa■

peop■e shou■d be aav■ sea to send samples of such waters to the Water

Qua■ ity Bureau for ana■ ysis.  If the salnp■e contains a potentia■ ■y

toxic species in concentratiOns typica■ of a b■ oon, the water shou■ d

be tested in ■aboratory an■ ma■s fO■■owing standard c■ in■ ca■ prOcedl]res.

Ranchers shOu■ a a■so be adv■ sea to submit for ana■ ys■ s sarnp■ es of

any ttraters suspectod Of causing aeath or sickness in ■ivestock regara―

less of the water's appearance.  A■ ■ sarnp■es shou■ a be subnitted as s00n

as poss■ b■ e after tox■ c effects becone apparent Or a b■ oon appen,｀ se

A pint or quart jar of water scOOped from nenr shOre wou■ d be a suffi_

cient samp■ e for diagnosis of a tOxic a■ gae prob■ em.

A stati_stica■■y significant re■ationship ex■ sts between high

sa■ inity ■eve■ s alla lol, bio10gica■ diversity in the lra´ te■ 's sa■
1)■ O■・

`.:っ
re sじbtl●  cnanO― es ln spcc■ cs ro■ativO abluldarlcc alla gira。 _lミ a■  ror■ 3〔le_

nont Of・ ■css to■ erant speci_os a■ sO accOlttpanicd s■ ■ini2:ation。   lhc diatOn

co■lponent Of the periphytOn connunj_ty ILay prove tO be a cellsitive

ln on■ tOr of the bicl■ ogica■ effects Of s』 _■ rl■ty illcreases ln surfaco

waters of east.crn 140rlta na.  Most Of t′ he species clncountO]ed arc ■ridOl y

distributod and their sali、 nity preferonces have beel■  lfe■ ■ docll■ Onted.

-21-



F,nough lriformatiorr on the autecology of various specles exists f'or

constructing a salinity l,npact ratlng system bascrl on sa.Iinity pre-

ferences and- speci.es relative abund-anceo

This consultani proposes establishing a biological salinity lmpact

monitoring nerr"work conposed. of 10 to Z0 stations on a few key water-

-,'"ays 1n eastern Montana" Existing water quality monltori.ng stations

of the USCS or Hater Quality Bureau could. be-adopted. and new stations

set up where there is significant evld.ence of increaslng saliniza-

tion. In addition to the stanclard physical and. chemical water quality

parameters, the. netv;ork would emphasize periodic measurenents of diatcm

community response, 1nc1ud-ing species ciiversity, species relative

abrrnd-ance, anC periphXton bionass a,rcrr!.r?I on artlficial substrates.

-22-
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Appendix A.

NLLnber

0016A
0017A

・ 0018A

0019A
0020A
0021A

0022A
0023A
0024A

0025A

0037A
0038A
0039A

oo年OA

oo41A

0042A

0043A
olo9A
0110A

咲QllA

・ '0112A.
0113A
0114A

■0137A
0138A
0139A
01110■

01年 lA

Ⅸ01年 2■

011レ3A
0144■

01■5A

0146A
■014′ 7A
チ0148A

01年9A

Date

9-12-7与
9-13-7■
9-13-74

9-9-74
lo-16-71ク

10-17-74

10-16-74
10-16-74
10-16-74

10-17-7与

11-7-74
11-7-711
11-8-74

11-7-7キ

11-21-7与

11-21-74

11… 20-7」↓

9-26-75
9-26-75
9-24-75

9-26_75
9-2年 75
9… 24-75
3-17-76
3-16-76
3-17-76
3-16-76
4-9-76

4-9-76
4-23-76
4-23-76
4-23-76

4-22卜 76
2レー2'レー76
年-21-76

ιl-21-76

Sarr,ple locations and clates.

Site

Big Spring Creek, ltT。  Of Lewistown, 15N。 18E.5DA

Musse■ shel■  R。 , above Har■ o■rtorl

Anerican Fk., Eo Of Har■ owton on grave■  rd.,
07N.15E.5CB
F■atwi■low Cre, @FAS 500, 14N.30E.33CB
」udith Re, @Highway 87
」uQ■th R。 , Headwatcrs near Utica, grave■  ra. sE
of Utica@briage, 14N.13E328BBB
A..Ow_Cr. @Highway 230, 19N.12E。 13BA
Wa..l Spring Cr. @ Highway 235, 17N.17E.17AD
Cottonwood Cre near Lew■ stown @ Highway 87.
15N。 17E.22BA
」uaith R。 , Midd■ e Fk。 , S. of Utica 3 mi.
14N。 12E.35BD
」udith R. at nouth near Highway 236, 23N.16E。 25BA
Missol〕 ri R. @PN Ferry, 23N.16E。 25BA
Litt■ e Care■ ess Cr. Grave■  Rdo near Har■ owton,
Musse■ she]_l Easi_n, Wheat■ ana Co., loN.18E,09AA
」uaith R. betlrctn Hobsoll & Utica (Hレ ry 23り ), Juこ 1しh
Basin Co。   14N。 1年E.10BA
Paintea RObe Cro SE Of Lavina near mouth (l ni. s.,
5 ni. E.)Gtt■ den Va■■ey C:t (1::・

:]二iouse),Big E■ k Cr., Soo of TwO D
Wheat■ and Co., 13E.8N.26
Musse■ she■■ R. @He■ stone
Wo■ f Cr. @Denton
」udith R。 @ Utica
Seep l mio W. of 」udith in big sag, Fergus Co.,
22N.16E.10CC
Ack■ey Lake., SI17 。f Hobson
Arrow Cr. @Mouth, 15E.23N.
Sage Cr., 」uaith Basin  co。 , 161T14Eobcc
Ca■f Cro Highway 200 rlear Sana Sprin_・ s

Cow Cre @ Hwy 13 nOar Circ■ e

Big DTy Cr. @ Hwy 200, 」orllan
Rcawater R. O Circle
Ye■■olistonc Co., N. Of Ac■ 01l near I)cヽ「er ■ille

03N。 2こE.1lCC
Ye■■ollstonc Co。 , 03N。 2'手 E.35BC
TetOrl RD N。  Of rt. BontOn oll Hwy 233
1larias R。  @ cOnfluencc w/Tetoll R. @l10■a
Big Sandy Cr。 , 3 ■1. E. Of Big Sandy., Se off IIIIy
on grave■ 艶.=ni。
I11■k R。 , 13 ni. Eも  Of Havre O LOhan under bridge
ThreeI■ i■ o Cr., SO. of }lar]en on II)ry 376
Py■ arl Cr. 0 4 ■1. COlfrler E. of R3pe■ je,

03N.20E.361■ 。
Seep by Wi nttTli■ ■ N. Of BN tracls, Sti■ lwater CO.,
02N.21E.1lDD
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Appendi): A., Continuec.

ヘ

Refercnce
NШ Der
0150A

0151A

■0152A
0153A

01,A

・ 0155A   
｀

0156A
0157A
0159A

チ0168A
0169A

姜0170A

丼C171A
0172A

→-0173A

01721A
0175A

・ 0176A
0177A

美0178A
・ 0179A

0180A

0181A
0182A

■0183A
0184A
0185■
0186A
0187A
0188A
0189A
0190■

0191A
0192A
0193A
019与A

'0195A
0196A
0197■
0193A

キ0199A

Sitc

Seep÷ mio N。 Of fa■ lは bui■dings, Sti■ lwater Co。 ,

01N.21E`02BC
Luke Cr. behind Wi■ cox house, Sti■ ■water Co。 ,

03Ne21E。 18BD
HOpex Cr. C culVert, Stil■ Water Co。 , 01Ne21E.10AB
Secp @ crossroad s コ。 of Bott■e Butte, Sti■■water Co.
02N.21E.31BEB
Seep 9 nio E.Of farln bui■ ditts(sttp■ e NO.11),
01N.21E.03A■
White Bear Cr. SO。  Of Har]en on HIy 376
Peop■ es Cr. @Hwy 376 Soo of Har■ en
Miss01lri R. @ 」alnes Kipp State Reco Area。 , U.S. 191
Sma■■ Pond S0 0f SCObey in sa■ ine seep area
Deer Cro near DeCker, Big HOrn Co.
LOne Tree Cr。 , South F■ 。, Rich■ and Co.,
23N.57E.09DDD
Tributary of Eo Redwater Cr., Rich■ ana Co。

,

23N。 53E.36BBC
Hardscrabb■ e Cr., Rich■hhd Co., 26N。 55E,01DBB
Eag■ e Cr。 , Danie■ s Co., 35N.50E。 27CBB
P■ ority,′ Эo■ Cr. O brid`e, SIに I｀ 16an Cc)。 , 3511.メ )E.16CDA
RedstOne Cr. @ Hwy 5, ShOridan Co。 , 35N。 52E。 09BAD
Big Muddy Cr. @ roaa, Sheridan Co., 32N.55E.27BAA
No Fk. E. Redwater Cr., Rich■ and Co。 , 24N.53E。 25BBB
Ante■ope Cre, Sheridan CO。 , 34N. 56E。 10DDD
Char■ ie Cre, Rich■ and Co., 26N.54E.15BBB
」effrey Cr., Rich■ and Co。 , 24N.53E.36BB
Seep 3 mio E. Of Cu■ bertson, ROOseve■ t Co.,

28N。 56E,27ADD
First Hay Cr. @ br■ dge, Rich■ ana cO。 , 24N,58E。 16DDB
Seep E. Of Hwy 16, Richland Co。 , 25N. 58E。 32DDD
First Hay Cre, No Fk。 , Rich■ ana Co。 , 25N・ 鴫 E。 31DDD
Litt■ e }Iuady cr., R00seve■ t Co。 , 28N。 59E.28DDC
Red Bank Cr., ROOseve■ t Co., 28N.59E。 31AAC
Butte Cr。  O bridge, Danio■ s Co., 35N.1,7E.12ADD
MarrOn Cr。 , Sheridan CO., 351T.55E.21CDD
Sheep Cre O H7ry 16, ROOseVe■ t Coし , 30N。 56E。 30BEB

::ilsCき

゛
IfRIWきr::ζ il:° 7:I:lliIIこ ),31::::軍 :【:B:っ。,

2311.5SE.20D⊃ 1)

Sand Cre, iooseve■ t Co。 , 301r.53E。 1与r)]c

l:cCOy Cr. O HTy 5, ShCrict,.■  CO。 , 35N。 51)E.111LIIC
Crai■  Cr., Ye]]owstOrie COe, lN.23E.05DDD
NO Name Cr., Ycl■Owstonc CO。 , lN.23E.03DDD
Strean secP, Ye■ ■c;rstone CO。 , 2,1,.25E。 09CDC
::1'o。

 211', Sti■ lwater CO,, 111。 23E.06DD
COTe Cre, Yell owstc)ne CO。 , 11:。 2′,E.15DCA
Crilek, YelloTstc,ne Cc′ ., 2N。 2年E.ン 2CBB
SIna■■ plirlrllc, YellolFStOne CO., 2,N.25E.06CD

&1e

4-22-?5

+-2r-?6

4-22-?6
4-zz-?6

4-22-?6

4-24-26
4-24-25
4-24-26
5-25-?6
6-to-?(,
6-t5-26

6-15-?6

e-$-26
6-1?-?6
6-17-,i(,
6-1?-?6
5-16-26
6-trz6
6-t6-26
5-r5-26
5-t5-26
6-t6-26

6'$-ze
6-7?-?6
6-t5-25
5-t6-26
6-t6-26
6-n-?6
6-t6-Z('
6-t5-26
6-iL-?6
/ ),2 

^/C- tC- 1D

6-t5-Zo
6,-t?-?(-
6-24-76
6-24-26
5-25-ze
6-zt:-?'€,
(,-zl:-26
6-z:+-?6
6-25-25
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Appendtx A., ContlnueC.

Referencc
Numbor
0200A
0201A
0202A

Ю203A
Ю20与A
姜0205A
0206A

0207A
●●0208A
ま0209A
0210A
021lA
0212A
0213A
0214A
0215A
0219A

■0220A
0221A
0222A
0223A
0224A
0225A

Datc

6-24-76
6-24-76
8-5-76
8-7-76
8-8-76
N.D.

7-8-76

7-8-76
7-9-76
7-26-76
7-23-76
7-25■ 76
7-27-76
7-26-76
7-21-76
7-27-76
8-25■ 76
8-28-76
9-10-76
8-27-7`
9-13-76
9-13-76
8-28-76

Sitc

Car■ a Cr。 , Sti■ ■wator Co。 , lNc23E.06BC
N. Fko Fiveni■ e Cr。 I Ye■ ■owstone C., 2N。 25E。 19CAB
ChOuteau Co。 , 24N。 9E.36
ChOuteau Co., 21N。 12E.34BDD
Bird Cou■ eo, Choutcau Co。 , 23N.8E.19BDD
Crawford Ranch, Chouteau Co。 , 23N.6E。 18
C■ ear Cr。 , B■ a■neCo. Vercruyssen property,
31N・ 18E.20
Bu■■whacker Cou■ ee, B■aine CO., 26N.19E.35
Reservoir, B■ aine Co., 34N321E.31C
Sa■ine seep area, Va■■ey CO。 , 23N.37E.12DAA
Pond in seep area, Phi■ ■ips CoD, 27N。 31E。 28
Phi■■ips Co。 , 24N.24E。 22
Va■■ey Co。 , 25N。 36E.5BBD
Natl〕 ra■  sa■ ine seep, Va■ ■ey Co。 , 24N。 38E.14ADD
Whitewater Cr. under br■ dge, Phi■■iPs Coe, 36N.30E.9
ROck Cre, Va■ ■ey Coら , 35N.36E.33DC
Reservoir, Cascade Co。 , 19N。 02W.08BD
Pond, Teton Co。 , 23N.3irr.33BLB
Fergus Co., 15N。 22E309B
Crolマ n Plltte Cr., CascさJ_e Co., 20N,C21」 .25CA
Petro■ eun Co。 , 13N.26E.2CDC           

・

Fergus Co。 , 19N,22E。 05BBD
Cascade Co., 17N.02E.17C

* T,'ater6 containint genera of blue-green algae that include species
suspected of producing strains toxic to livestocl: or riildlife.

t1!Iate:'a containirS a speci-es of h1'.re-green aIg::re (^fI---q!:_I_91
!!g":1i-i:ao ) srispecir:C of prccirici-rg s'"r'airrs ihat a:re toxic tc
l-ivestoc]: or uilcliife.
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Appendix B, Genera of non-diatom a16ae found.
xaters suspected to be lnfluenced
liontana.

-Cffofgph).ta (green algae) 2J Gertera
Ankistrod.esmus
Bulbochaete
Chara
Chlamyd.omonas
Chlorococcu-'n
Chlorogoniun
Cladophora
Cfosterium
Cosmarium
Enteromorpha
Gloeoeystis
Hormidium
Mougeotia
0ed.ogonium
Ped,iastru'n
Planktosphaeria
Platymonas
Hhi-zocloni'.::rr
Scened.estrus
Schroed.eria.
Sphaerocys'uis
Spirogyra
Stigeoclonir:rn
lIIothrix
Zgymena

E\rglenophyLa (euglenoid. algae) I Genera
Er.:g1ena
Phacus
Westella

Chrysophyta (go1d.en-brown algae) B Genera
Characiopsi-s
Chrysochromulina
Chrysococcus
Diatorns
Dilobirl'6n
Ochro;roira s
Tribcnena
Vaucheria

C.vanolh.y-La (bl-rre-g::uen algae) 1! Genera
xAnabaena
+Aphanizolienon
Artlrrospira
C;i1oih-ri>:
Cnroococcus

xGcnphos!lia.r,ria
Heteroho:rnogonium

1n the periphyLon of surface
by saline seep 1n eastern

-)Q_



Ap1'en:lix B. ( Con tinued )

CyanophyLa (Continued )
Hye11a

*Lyngbya
Ilerismoped"ia

*Nodulairia
*llostoc
0scillatoria
Phormidium
Rivularia
Spirulina
Stichosiphon
Synechocystis
Tolypothrix

RhodophrLa (red- algae) 1 Genus
Audouinella

C:ryptophygrae (aIgae of uncertain position) 1 Genus
Rhod.ononas

*Genera containing species of blue-green algae suspected. of prod.ucing
strains that are toxic to livestock or v;i1dIife.
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Apperr,i.ix C" Fercent relative abund-ance, percent freouenc:y (occ,irrence), anC
abur"rdance-occurence lndex for d"latom taxa ld.entlfied. fron
surface watei's suspected to be influenced by saline seep.

ヘ

Taxon

Achnanthes affinis
A" clevei
A. d,eflexa
A. flexeIla
L" hauckiana var. rostrata
A. lanceola+-a
A. lapponica var. ninckei
A. lineris
A. linearis f. curta
A. minutissi:na
A. sp.
Srrphipleur:a pel-1uc id.a
Anphora coff eif orr,Lis
A. ovali-s
A" ovalis va-r.
A" o\ra1is var.
A, r,.eneta
A. sp.

affinis
ped.iculus

Anonoeoneis costata
A. sphaerophora
A. vitrea
A. Sp.
l:sterionella f or,aosa
Bacillaria paradoxa
Caloneis amphisbaena
C. bacillura
C" h1a.1ina
C" vent:ricosa var.
C. r,entricosa var.
C. ventricosa var.

Abundancc―

・ e彰
警♀繊賢帯。0)

1。 11

0。 01
1。 12

0。 02
5。 76

0.99
0。 02

409。 79
0。 25
8。 84

109.91
0.24
0。 08

7。 22
5。 88

0。 04

0.35

0。 03
0.25
0。 10
1。 21
0005

o.49
0。 06
0.42

41。 61
18。 85
14。 17
0。 12
0。 03
1.63

97.98
0。 03
1.80
0。 13
17.6o
O。 05
0。 09

1。 10

0。 37
0。 01
0。 14

t
0,01
0。 24

t
0.11
0。 01

9。 53
0。 05
0。 32レ

3.79
0。 03
0.01
0。 38
0,42

t
0。 01

t
0。 07

t
0.01
0.05
0。 01
0。 11

0。 05
t
t

0。 07
0。 02
0.21
2。 19
o.65
1。 09
0。 03
0。 01
0.28
2.13
0。 01

0。 12
0。 01
0.80
0.01
0.01

t
0。 22

３

１

８

２

２

ル

ー

９

２

鴨

５

６

９

８

８

９

年

１

４

２

５

１

３

５

０

１

１

１

２

７

３

２

９

９

３

４

３
６

６

３

５

３

２

５

９

１

５

十

　

２

２

　

　

１

１

　

　

　

　

　

　

　

１

１

　

　

　

　

　

　

１

２

１

　

　

　

４

　

１

１
一
２

alpina
minui.a
tntnca'uula

C. sp.
Chaetoceros el-norei
Cocconeis peCiculus
C. plLa.centr:l-a
C. prace:.rt,.:1a var. eugl1"pia
C" p1acer,.t,.:_1a. vs.r. li;reata
Cycl- ot,e1-1a 911 o:.. a:r.'ai,a
C" kut.zj-lrgiana.
C. ncncghir:iarr.z

C1'linCror-heca gracil.is
C3iiatopl cu: a sarlea
u:,lrLC L La- a.il I nJ-s
C. a-nrphiccphala
C. ci.stul-a
C" e.y,::it,i fornis var. noni)itiicta-La
C" d.el ica+-r:-la

t : tra.ce -3t-



Alrpendix C. ( Continued )

Taxor

C1n,be11a lunata
C. nrexicana
C. rnicrocephala
C. minuta
C. muel-Ieri
C. parva
C. PloS'r,raia
C. pusilla
C. rupicola
C. sinuata
C. triangulun
C. tumida
C. Sp.
Den't lcula elegans
D. subtilis
D. sp.
Dlatona tenue
D. ienue val. eJ-ongatur
ll. r,-,_il5a.la
D. vtilgare var. 'breve

D. vulgare veJ. meso'd-on
D. sp.
Diploneis elliptiea
D. Pue11a
D. sp.
E\rtomoneis ornata
E. palud-osa
E. robusta
E. qp.
Elithenia ad-nata var. saxonica
E. argus
E. sorex
E. turgid.a
E. sp.
Eunctia curuata
Fr:agilaria brevlst.riata var. i:if]ata
tr 'n^-.iric.!rir-i'r r':,r- '/

F. capucina
F. ca.tr.rpgip='. v3.r. Inesolet-,:*
F. CoIIsruri:':jirS
F. consir-,-ierrs var. subsalina
tr'. constr:uens \rar. venter
F" cro'Lonensi s
F" leptosil,:ru::ot'i
F. va.r-rcheriac
r.'.. D]Po

Gcnphone i s lic-r^c',I.eana
G o,i ;,holrer:a acu,-a j-rrat-L,rnr

t : trace 
_?)_

0。 01
0。 01
1。 32
1。 78
0。 01
0003
0.01
0。 74
0。 03
0.16
0。 01

t
0.01
0。 07
0.01
0。 05

t
2.82
0.3`ン

0。 01
t

0.01
0.03
0007
0。 02
0.17
o,67

t
t

0.09
0。 01
1。 13
0。 03
0。 03

t
t
t

0.05
1。 16
0.03
0301
0。 03
0。 18

t

1。 01
0。 11

0。 01
0.01

3

5
23
37
2
2
21

20

3
10
1

2

3
7
8
12
1

38
22
2
1

1

1

8
6

17

34
1

4
3
1

11

9
7
2
1

1

2
2
6
1

8
6

1

33
7
1

2

Ab■71aance_

Occurrcnco

…

00)

0。 03
0。 05

30。 36
65。 86
0。 02
0.06
0。 04
14.80
0。 09
1。 6o
O.01

0。 03
0。 49
0.08'
o.6o

107.16
7。 嶋
0。 02

0。 01
0.03
0。 56
0。 12
2。 89

22.78

0.27
0。 01

12。 43
0。 27
0.21

0。 10
2。 32
0。 18
0。 01
0。 24
1。 03

33.33
0。 77
0。 01
0。 02



⌒

⌒ 、

y'-;:pcrii; >. C . ( C,-'ri Linued )

TaxOn

GOnt‐honona acui■ 1latun var。  ?
G. affine
Cc angustatun
Co angustatun varo prOducttaln
Go angustatuI「t var. ?
G e bohertictLn

G. cOnsector
Ge dichotonun
G. graci■ e
C. intricatun
C。  0■ ivaceun
G. 0■ ivaceun var. ca■ cATea
C. parvu■um
G. tergestinum
G. truncattln
Go sp.
Gyrosigna acuninatll■
G. attenuatun
G. exl■ is
Go peisonis
G. spencer■ ■

Gc spencor■ ■ var. curvu■ a
Co sp.
Hantzschia aュ phioxys
H. 釧phiOxys vare najor
liastog■ oia e■■iptica varo dallseii
M. snithii
Mo snit.hii var. ■acustris
I. sp.
lfe■ Os■ra granu■ata vnTe angustiss■ma
M. var■ ans
M. SD●
Heridion circu■ are
Nav■ cu■a accomoda
Ne arvens■ s
N. at ollus
I・ e auricu■ ata
N` ll■ cOnica
No capitata
No caritata vare nllngar]c■
lia c■ rlcta
N. cincta var. heufleri
Ne c■ncta var. rostrata
No c■rcuttl clta
Ne crylレ tOcCpl.■ la
No crvOt,OccPh31a fe ter■ e`fltri s

N. crbTt,OCtphala var. ex■ li_3

No cr]1)tOcephal a vare verleta
N. cryOtOc eI)ha■ a vnr` ?

Abun.lzi.nee

-c{-'-t
0,02
o,32
0,02

t
0,07
0.01
0.03

I
L

0.09
1.47
0.05
0 "490"01
0.01
0,02
0.01
0.01
0"01
o.2t
o.05
0.01
0. 01
0.07

+

0.01
o.17

t
0.01

t
.L

0.03
0.02
0.09
0.05
0.72
0. c1

L

0,011
U o r_)
0.65

f
L

< A.>

a.o5
!. ZY
0.76

+

1"49
0" 16

Ψ
1

3
26

1

1

6
1

年

1

12
23
7

39
1

4
10

5
1

1

17

16
2

7
23
1

5
2
2
4
2
4
3
7
8
7
18

1

2
1年

■,
1

0つ

」イ

6■

1

2

52
3

Abund′■nce―

Occurrerice

(naDc。 =10,000)

0.06
8.32
0。 02

0.42
0。 01
0.12

1。 08

33.81
0。 35

19。 11
0.01
0.04
0.20
0。 05
0.01
0.01

3.57
0。 80
0。 02
0.07
1。 61

0。 05
0.勢

0。 04

0。 09
0。 14
0。 72
0.42
12.96
0。 01

0.(,2

1982
9。 90

370.92
0.6o

79。 ,3
0。 16

77。 43
o。 216

′~

t : trace -33-



A!i,eniix C. (Cc::.-i-nu.-i)

TaxOrl

l:avicu■a cusPidata
No cuspidata var. obtusa
No gOttlandica
No graci■ Oides
N. halophi■a
N. ha■ ophi■ a vnΥ o tenu■ rostr■ s
N. heuf■eri
N. heufler■ var. ■eptocephala
N. integra
N・  3aag■ i
N. ■aev■ ss■ma
N。 ■anceo■ ata
No men■ scu■us var. upsa■ iens■ s
N. m■ n■na
N. n■nnewaukonens■ s
Ne n■nuscu■ a
N. nutica
l.7. nutica var. undu■ ata
Ne nutica var. ?
if, ob131Ea
N。  OdiOsa
N. pe■liculosa
lJ. peregrina
No prOtracta
Ne pupu■a
N. p■pu■a vare capitata
N. pytta ea
Ne radi´ osa
N. radiosa vare parva
N. rhynchocepha■ a
Ne rhynchOccpha■ a vnr. germainii
Ne salinarun
Ne sa■inamn var. ■nte・ 1■edia
Ne socreta varo aDiCu■ ata
Ne sinplex
N. s]■■etr〕_ca
l:. tene■ lolこcs
〕:. tcllera

lI. tripunctata
ll. tr■っunc‐しata ttar. schizorit■ Oides
lT` ventrali_3 var. crli■ cnsis
Ne viri_du]a
NE v■ridu■a var. avenacea
lこ . viridじ■a varD rostel■ata
No sI)。

〕F■ .壺 4iじ n affine vare allPhirhynchl■ s
I` Lii10d e

ll` bi slllcatllil

li. sp.

■ = trace

0。 02
0。 01
0。 01
0007
0。 02
0.01
0.05
0。 18

t
0.16
0。 02
0。 01
0.03
0。 01
0。 03
0。 03
0。 03
0.01
0。 01

0。 01
0.01
0。 01
0。 05
0。 0与

0。 01
t

0.56
0。 01
0。 03
0.31'

0。 26
1.22

t
1.38
0。 22
0。 01

3.20
t

0383
0.01

■

0。 01
0.82
0,03
0。 7与

0.01
0.01
0。 01

t

４

１

２
４

７

２

７

５

１

８

５
６

１

２

２

３

１

５

２

２

２

１
密

１

７

１

２。

７

８

４

２

”

１
り

８

２
６２

２

郷

２

１

５

３

４

“

２

１

１

２

１

　
　
　

　
　

１

　

　

　

　

　

　

　

１

　

　

１

　

　

　

　

　

　

　

　

　

　

　

　

　

１

Abund_ance―

OccurTericr

(na.x戸 10,Ooo)

0。 28
0。 01
0。 02
0。 98
0el与

0。 02
0.35
2.70

2.88
0。 10
0。 06
0.03
0。 02
ooo6
0。 09
0。 33
0。 05
0。 02
0:02
0。 02
0。 01
1。 20
0.0与
0。 07

11.20
0。 07
0.24
1。 36
0.52

40.26

67.62
1。 76
0302

193.40

31.タ
O=02

0.05
10.66
0312

3与 =0与
0。 02
0c01
0.01

Lbun.iancr:
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⌒

.{;,penJ.ix C. ( Ccn t inuc.L )

Taxon

N』_tzschia ac■ cll■ ar■ S
N. acuta
N. anphibia
No angustata
Ne angustata var. acuta
li. apicu■ ata
Ne bu■nhclniana
ll. ca.pite■ lata
N. c■ausii
N. c■ Oster■ uFrt

Ne COmmun■ s
N. denticu■a
N。 こissipata
N. epiphytica
N. epithenioides
N. fasc■ cu■ata
N. fi■ifOnnis
ll. fonticola
N. frLIStu■un
l.f, .rl■ 3tu■ 11■ val」 , suosa′■j_ila

N. frustu■um vЯ r. ?
ND gandersheilliensis
N. graci■ is
N. hantzschiana
N. hungar■ca
Ne ignorata
No kutzingiana
N。 ■inearis
N。 ■Ongiss■na varo reversa
N。 ■Orenz■ ana
Ne ■oren rz.ana vare subti■ is
Ne′ n■ crOcepha■ a
N. Obtusa
N. Ova■is
N. pa■ ea
N. paleacea
Ne recta
No ro■ a rla

13 S■ ffI■ a
N. sl lll10i de=

11. stagl10「じ1■

N. sublillearLS
il‐ . tryb■ ione■■a
Ne tryblionc■ ■a var, debil is
}T` trybliOn31l a var. ]evidcnsis
I・

‐
. tryb]ic)■ il■]= Var` vi_ctoriar

〕:. tryt,liclilt〕 ]■a Var. ?
Ne Va■ dostri■ ta
Ne Verll■ ctl■ ari3

t = trace

2.15
0。 04
0.18

t
0.01
o.43
0。 02
0。 05
0.03

t
1.52
0。 01
1。 91
0。 08

t
t

0.32
0。 07
4。 23

'「

.02
t
t

0.85
0。 01
0。 13
o.6o
O,33
0.12
0。 56
0。 01
0。 01
0.12
0。 09
0。 95
6。 75
0`90
0。 07
0。 07
0。 C)7

0.03
t

0。 0年

0。 01
0。 03

t
0.03
0。 01

65。 36
0。 03

74。 49
0.♂↓

与.埓
o.56

291.87
217・ 03

25.50
0。 02
3。 90
1。 80
2.6与

2.16
8.96
0。 01
0.02
1。

“

0。 ,
30。 40
6o7.50
25.20

0。 8与

1。 05
0。 93
0。 2£

0。 12
0.09
0.12

0。 06
0.02

２

知

３

８

・８

・６

１

２

・２
６

２

９。

２３

‐２

巧
隻

お

３

つ

９

４

１

１

１

２

２

Abundance―
Oocurrerlco

(na.=10,000)

103.20
0。 20
3。 6o

0。 02
23.22
0。 02
0。 25
0。 09

Alund.arrce
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/.?i,enlix C. (C:ontinued)

TaxOri

Nitzschia v■trea
llc vitrea var. sa■ i_nari■ロ

Ne vivax
N. v■vax var. ?
N. sp。

PirLtiu■aria borea■is
P. lcptosona
Fo no■ ar■ s
P. viridis
PO Sp・
PleurOsigna de■ icatu■un
Pe sp.
RhO■cOsPhen■a cu室¬「ata
RhOpa■ odia gibba
R。  6‐ibba var. ventricosa
Rc gibberu■a
Re nuscu■ us
Stauroneis s■ ithii
Stephanodiscus astraea
S, dllbius
3. llinutus
Surire■■a angustata
S. biseriata var. bifrons
So brightwe■■ii
So iOwens■ s
S3 0Va■ iS
S. Ovata
Sc Ovata vЯ ro pinnata
S. spiralis
S. striatu■ a
Synedra acus
Se affinis
S. de■icatissina
So fame■ica
So fa■ le■ica var. ?
S. fasc■ cu■ a´ta
Sc fascicu■ ata var. ?
S. ■1.nu s cll■ a
S. ■3ras■ ti ca′

S。  〕u■clle■ 1_a

So pulche■ ]■ 、‐air e ■acorat■
Se radians
S. runD cris

Se u■ na
S. u]_ァ la var. どlphirhypc:hus
S。  じ」l‐ a var. c〔 ,ntracta
St tl]_■ ■ ■・ar dttγlica
tう t Stt
11la]と isicsira f■ uttlati■ is

t = trace

~¬
7戸

~

t
O.06

t
0.01
0。 09
0。 01

t
0。 01

t
0。 03
0。 26

t
1。 03
0.11
0。 01
0。 01
0。 05
0。 01

t
0.01
o.62
0.09

t
0。 19
0。 03
0.01
2。 16
0.01
0。 01

t
0.07

t
t

2.77
1。 02
0。 9々

´

0.28
0.49

t
0.13

t
0.07
0。 為́9
1.22

t
0.06
0。 01
0.03
o。与9

Abundance―
Occu..Orlcc・

(nax.=10,C)ら 0)

0.72

0.01
1053
0。 05

0。 03

0。 27
6.27■

33。 99
3。 08
0。 02
0。 03
0055
0。 02

0,01
10。 メ|

1。 26

0038
0。 39
0。 05

110。 16
0。 0与

0。 05

0.56

94。 18
1。 02

28.20
0。 28
1.96

1。 ¨

Oc70
4・ .41

40.26

0.42
0。 01
0。 18

7.35

3
12
1

1

17

5
1

8
1

9
24
1

33
28
2

3
11

2

1

17

14
1

2
13

5
51
4
5
3
8
1

3
34
1

30
1

4
1

8

1

10

9
33
1

7
1

6
15
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-{:rl:::l-c }io .

r,irpelllx L,"

0016A
0017A
0018A
0019A
0020A
0021A
0022A
0023A
0024A
0025A
0037A
0038A
0039A
Oo40A
0041A
00■2A
0043A
0109A
0110A
011lA
0112A
0113A
011与A
0137A
0138A
0139A
0140A
0141A
0142A
0143A
0144A
0145A
0146A
0147A
0143A
C149A
0150A
0151A
0152`t
0153ム
01り:A

0155∴

0156A
0157A
0159A
0163A
0169A
0170A

I"ia.r6;a1ef di-versi*"y (D) , Si;npson dir ve::siiy (SO),
soIIds (fr:S), and speclfic con,,luct'rnce (SC) at,
s:f:rOl ed.

SD

.842

.845

.885

.886
。869
。806
。866
.812
.729
。831
。882
。884
.876
.85ル

●鍋
。862

4。 24′

2.59
2。 26
4.78
0・ 50
2。 41

.707

.559
。719
.748
.020
。738

3210■
16169+
1031+
872,

1100+
2097+
3152
291年

654姜

467・

699+
年36+

3。 53
2。 90
2.場
3.61
1.46
3.62
3.65
3.26
2.12
4。 87
3.メ
2.23
2.09
1。 23

3.06
3.37
2.65
2+。 40

3060
3.97
2.40
5・ 56
21。 16

3.30

.739

.726
。709
.795
。262
。678
。812
。8210
0557
。814
.818
。786
.677
0536
。81S
.862
.725
。8′,9
。870
.722
。7,3
.892
。856
.619
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12669
72:121～

7789
13407
2,99

143,11

7303

78年十

596‐ |

3106
5075キ
1201+
72'00

D

4c9与

4。 46

5。 91
6。 17

5.16
2。 79
5051
3。 86
4。 o4
2。 59
3.91
5。 17

5037
5.16
3。 59
5076

2'78

983
368

2596
451
421
1722
693
457
420
800
691
628
450

4672
615
1758
1718姜
2,%

1与年69+

TDS

total dissolvcd
the 100 sites

SC

6o0
1192

502
3006
552
536

1910
1071
559
529
989
862レ

706
560

5270
760

2158
2092券

578メ
`

17000.

3390)
19000#
1190
1190
1272
2年与5
4184
3486
795置

579予
800キ
490χ

― A

12000
3500
8800
23000
33与 7
13500
7770

900■
679丼

3550
5380■
1391
8210



Appetldix D。

塾

…0171A
0172A
0173A
017与A
0175A
0176A
0177A
0178A
0179A
0180A
0181A
0182A
0183A
0184A
0185A
0186A
0187A
0188A
0189A
0190A
0191A
01ッ2A
0193A
019年A
0195A
0196A
0197A
0198A
0199A
0200A
0201A
0202A
0203A
0204A
0205A
0206A
0207A
0208A
0209A
0210A
021lA
0212A
0213A
0214A
0215A
0219A
0220A
0221A
0222A
0223A

Continued..

!
5.72
3.93
5.51
4.69
6,65
4.jo

TDS

3206+
866
853
1942
68与

3630
306

45321

7346
755
8与4

6798
2343
1152
2253
912
746
899

611loチ

2148
1166
9料

勢タ
3613

SC

3749
1107
17021

2315
846

場 69
452

5017
8220
963
1116
7390
2733
1380
2407
1160
956
1186
5910券
2297
1ノ117

1086
4247
4507

SD

・900
。807
。880
。902
.88与

。891

4・ 55
1。 28
4.88
5。 64
1.91
4。 42
4.タ
4.57
7。 26
5。%
6。 34
1。 89
1.65
4.邦
6.71
5。 49

5・ 15
3。 50
2。 2年

3015
2。 31
3・ 70
4.02
2.33
3。 19
1.29
1。

“
1。 46
6。 13
2.90
4.53
3.05
2`タ
1。 0年

2.91
4013
6.69
7.21)
0。 81,

1。 07

3。 19
1.47
2.12

。870
。741
。863
.902
.700
。896
.788
.846
。872
.915
。901
.350
。268
。894
.886
.890
0915
.823
。694
。69o
。762
.871
。865
.愧 1

。665
。515
。342
.6ol
0936
。768
.766
。724
ぃうSS
。(熟 与

.589

.818
。9o6
.910
.516
.430
。774
。716
。780
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1)14
3028
r4ot.
5041
7262
6542
5L79+

7z?69+
6lgt++

1736
3628
1989

576o
1627
7290
6oooチ

15000彦

7500′

707年十

332+
23819+
3343+
63911+
809年十

1o64与十

1311+
1031+

42519+
121ム 69+
42519■

16S19+
28154+

8300#
363#

23000#
391げ
7500≠
9503/

12500メ
1520メ

1190/
50001)≠
17000/
5000〔′
19800≠

33100#



'.:t;'1glr!.:_ ! SD TDS SC
,"';trrA 2.55 ,78? 7106)+ I)OOO//
".':l5A 2.55 .??7 5179+ eoooii

\(a't,er 
-sample 

taken on a different d.ate than argae sample, ei-ther at ther;me si-te or a nea^rby site on the same water.

" ::' LeIcI ccnduc'i;ivlty measurement,

''i'DS estinated- from sc based. on the regression equation x = o,B5y + !9ttthere X is TDS and. Y is SC.
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